> 8th Ad van CEd el c Zl:;"
in silico Drug Design

REPUBLIC

Structure source

Karel Berka

UP Olomouc, 27.1.-31.1. 2025

N: ! Nielos
. ” Bar-llan fetlon
ll:)OCCBHPBRi\GUE #7%: Deep Me dChem University University




Outline

Sources of structures — ligands and macromolecules
Macromolecular structure for function

PDB database and files

Methods how to get structure — XRAY, NMR, EM, MS, AF
No structure case - Disorder

Aggregated view PDBe-KB



Drug design related structural databases

* Ligands (small molecules)

—drugbank.ca — comprehensive drug&target info

—ebi.ac.uk/chembl - bioactive molecules

—pubchem.ncbi.nlm.nih.gov — free chemical info

—zinc.docking.org — commercially available compounds for VS

* Targets (proteins/nucleic acids)
—ebi.ac.uk/pdbe or www.rcsb.org — macromolecular structures



https://www.drugbank.ca/
https://www.ebi.ac.uk/chembl/
https://pubchem.ncbi.nlm.nih.gov/
http://zinc.docking.org/
https://www.ebi.ac.uk/pdbe/
http://www.rcsb.org/

mRNA protein

(myoglobin, 1078 bases) (myoglobin, 153 aa)

3’ polyA tail

coding sequence (465 bases) 3'UTR

MACROMOLECULAR STRUCTURE



Knowing structure helps to understand the function

imatinib + Abl kinase
PDBID: 2HYY

Hayer-Hartl et al., 2015

° Soung-Hun Roh et al. Cryo-EM and MD
elixir infer water-mediated proton transport and
czEcH autoinhibition mechanisms of Vo

REPUBLIC

complex. Sci.Adv. 6 ,eabb9605 (2020).
DOI:10.1126/sciadv.abb9605


https://doi.org/10.1126/sciadv.abb9605

Structure applications for function
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Gathering of structures is expensive...
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Zjistovani struktur se nezlevriuje tak moc jako sekvenace.


https://epochai.org/blog/biological-sequence-models-in-the-context-of-the-ai-directives
https://epochai.org/blog/biological-sequence-models-in-the-context-of-the-ai-directives

Database of protein structures

PDB



WORLDWIDE

EIN DATA BANK

W\

DD oai
— I —N_—) Archives

Collect, curate, store and distribute experimentally
determined 3D structures of biological macromolecules. EMBL-EBI
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A “PDB code” refers to a structure

Unique code, currently 4 characters
|dentifies the data within the PDB archive

Always starts with a number

e.g. 2ins, 4xyz, 2f48

Deposit
?r"’ th; ~ pdb_00002ins, pdb_00004xyz,
s pdb_00002f48 i
P D B COde Referen ced in the paper Z(;::S.g:f:: a;r;a :;raac:;aszlch:; gr the 1RNA-(Iepehdem
—_— Maraal A DTBgA Yie a0, OF Thang M & alos e A s dév Dess & Satih

https://www.wwpdb.org/documentation/new-format-for-pdb-ids

PDBe.org EMBL-EBI i



https://www.wwpdb.org/documentation/new-format-for-pdb-ids

What does a PDB file look like?
A text file with fixed column width - Card legacy
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PDBe.org EMBL-EBI
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https://mmcif.wwpdb.org/ EMBL-EBI




HOW TO GET STRUCTURE OF MACROMOLECULES



Methods

e RTG * NMR
— Xyz coordinates — torsion angles and distances
— inner electron shells — dynamical information
— crystalization, atomic available
resolution, — MD model
— interpretation of * MS
intermolecular interactions _ distances
* EM — molecular weights
— electron shell — solvent accesibility
— low resolution * Modelling

— large complexes — AlphaFold



1. protein \ =
crystals

- R 3. map of electron density
i 4. model fit

2. diffraction
https://www.wwpdb.org/ experiment

XRAY CRYSTALLOGRAPHY



https://www.wwpdb.org/
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Resolution (R)

°* InA,

e Distance for distinguishing of two points. Details should be
distinguishable at 0.7-R.

* better R — easier model building!
* (more refflections — better signal-to-noise ratio)

2.3 A map of photosynthetic reaction centre 18



® Volume Streaming

Viewing electron density in Mol*

ey —w—
- I
* To initiate electron maps display: e
clicking on ligand or protein amino acid .
* Regular map (blue) ‘2Fo-Fc’ electron density map - @
- should surround atoms =
* Negative and positive density Ry S
= highlights extra and missing atoms, respectively ety -9
Myristic acid in Fatty acid-binding protein 4 — .
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PDB ID: 7TFZK

PDBe.org EMBL-EBI &

PDB ID: 7G0OX



Validation

¢ Rfree (Briinger, 1992) The Ramachandran Plot.

— test set (~5-10%) of reflection left out from 10
fit for testing

e Stereochemistry +psi Left
Ramachandran diagram GQF”M |
pha-helix.

— WHATIF .

— MOLPROBITY
 Bad contacts \—ji

— stérické problémy ve struktufe Ll Bl

180 .

-1?!‘] hi Q + phi 180
http: Iwww.[:r hbhk.ac.uk/PPS2/course/section3/rama.html

20



Crystal Contacts

* Protein crystals contain a lot of
solvent

 Molecular contacts within crystal do

not have usually (well not always)
effect on protein structure

L
>

| e

,

@ 1999 GARLAND PUBLISHING INC
A meencber of the Taglor & Frimeis Groay

Packing of glycolate
oxidase (schematically)

21



Nuclear Magnetic
Resonance (NMR)

https://bmrb.io/

NMR



https://bmrb.io/

Structure Quality NMR

* NMR experiment
=> Multiple structures —e.g. 10 conformers

* Quality check wwPDB:
— Stereochemistry — Ramachandran
— Clashscore
— Sidechain outliers

Metric Percentile Ranks Value

Clashscore | - 20
Ramachandran outliers | D 4 .2%
Sidechain outliers I [r— 5

Worse Better
I Percentile relative to all structures

|] Percentile relative to all NMR structures




What we can get from NMR experiment

Raw

— Time-domain: 1D,2D,3D,4D spektrum

Processed (FT)

— frekvency domain

NMR parametry

— peak list

— chemical shifts

— 1H-1H NOE

— J-couplings

— residual dipolar couplings
— NMR relaxation rates

Derived data

— NMR peak assignments

— % expected in observed data
— covalent structure

— bond hybridizations

Derived data
— secondary structure

interatomic distances
torsion angles

hydrogen bonds

order parameters
solvent exposure

3D structure

binding constant

pH titration parameters
hydrogen exchange rates

termodynamics and kinetics of structural
rearangements

disordered regions



Cryo-electron
Microscopy (cryoEM)

https://www.ebi.ac.uk/emdb/

ELECTRON MICROSCOPY

%> EM volume map


https://www.ebi.ac.uk/emdb/

CryoEM revolution

* Huge increase of resolution and
amount of CryoEM data

* Similar quality measures to X-Ray . laree teveiicocy

electron.ncinin gov

) Xray EM [___JNMR || Multiple methods
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https://www.rcsb.org/stats/all-released-structures



https://www.rcsb.org/stats/all-released-structures

EMDB

Protein Data Bank

in Europe

EM resources

Bringing Structure to Biology

« Shar

The Electron Microscopy Data Bank (EMDB) at PDBe

& Home

o Statistics

o Validation

o EMDataBank
o  EMPIAR

o Test data

EMDB

o Latest maps

o Latest headers

& Latest updates

e Search

o Browse

& FTP archive

& Deposit EM map/model
o EMDE data model

Quick access

Click on one of these categories:

i n
Ribosome Virus GroEL Microtubule Polymerase Helicase
' . r )
d : j
i
= v e
Human HIV Entries with Single particle Tomoagraphy Helical
fitted models reconstruction resolution

Introduction

The Electron Microscopy Data Bank (EMDEB) is a public repository for electron microscopy density maps of macromo
and subcellular structures. It covers a variety of techniques, including sinale-particle analysis, electron tomogra
(2D) crystallography.

The EMDB was founded at EBI in 2002, under the leadership of Kim Henrick. Since 2007 it has been operated joi
and the RBessarch Collaboratory for Structural Bicinformatics (RCSB PDB) as a part of EMDataBank which is fund
grant to PDBe, the RCSB and the National Center for Macromolecular Irmmaaging (NCMI,
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https://massbank.eu/ - small molecules
https://www.ebi.ac.uk/pride/ - proteins

https://www.thermofisher.com/cz/en/home/life-

MASS SPECTROM ETRY science/protein-biology/protein-biology-learning-
center/protein-biology-resource-library/pierce-protein-

methods/overview-mass-spectrometry.html



https://massbank.eu/
https://www.ebi.ac.uk/pride/
https://www.thermofisher.com/cz/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/overview-mass-spectrometry.html
https://www.thermofisher.com/cz/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/overview-mass-spectrometry.html
https://www.thermofisher.com/cz/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/overview-mass-spectrometry.html
https://www.thermofisher.com/cz/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/overview-mass-spectrometry.html

Mass spectrometry

* Proteomics
— Determine protein structure, function, folding and interactions — Crosslinks (X-MS)
— ldentify a protein from the mass of its peptide fragments.

— Detect specific post-translational modifications throughout complex biological
mixtures using workflows for phosphoproteomics and protein glycosylation.

— Quantitate proteins (relative or absolute) in a given sample.
— Monitor enzyme reactions, chemical modifications and protein digestion.

* Drug Discovery

— Determine structures of drugs and metabolites.
— Screen for metabolites in biological systems.



https://www.thermofisher.com/cz/en/home/industrial/mass-spectrometry/proteomics-mass-spectrometry/protein-structure-analysis-mass-spectrometry.html
https://www.thermofisher.com/cz/en/home/industrial/mass-spectrometry/proteomics-mass-spectrometry/protein-structure-analysis-mass-spectrometry.html
https://www.thermofisher.com/cz/en/home/industrial/mass-spectrometry/proteomics-mass-spectrometry/proteomics-mass-spectrometry-workflows/phosphoproteomics.html
https://www.thermofisher.com/cz/en/home/industrial/mass-spectrometry/proteomics-mass-spectrometry/proteomics-mass-spectrometry-workflows/protein-glycosylation.html
https://www.thermofisher.com/cz/en/home/industrial/mass-spectrometry/proteomics-mass-spectrometry/quantitative-proteomics-mass-spectrometry.html
https://www.thermofisher.com/cz/en/home/industrial/pharma-biopharma/pre-clinical-and-clinical-drug-testing.html
https://www.thermofisher.com/cz/en/home/industrial/pharma-biopharma/pre-clinical-and-clinical-drug-testing/metabolite-identification.html

Hu.map3

TMEM167A

>25,000 mass spectrometry experiments
identify >15,000 human protein complexes .
~75% of human proteins into physical contexts »JF'S) o
protein co-variation data (ProteomeHD.2) 4

testable functional hypotheses for 472

uncharacterized proteins using AlphaFold modeling. hu.MAP3.0 Score = 0.992
MED syndrome patient mutations V21G, L78P

ebi.ac.uk/complexportal ioTM = 0.77, pTM = 0.8

humap3.proteincomplexes.org

Fischer SN, et al. hu.MAP3.0: Atlas of human protein complexes by integration of > 25,000 proteomic experiments BioRxiv
https://doi.org/10.1101/2024.10.11.617930 30


https://www.ebi.ac.uk/complexportal/home
https://humap3.proteincomplexes.org/
https://www.biorxiv.org/content/10.1101/2024.10.11.617930v1
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MODELLING

ALPHAFOLD
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https://alphafoldserver.com/

How good are AlphaFold models for drug design?

AlphaFold predictions are valuable hypotheses, and accelerate but do not
replace experimental structure determination

Thomas C. Terwilliger, Dorothee Liebschner, "= Tristan I. Croll, ©=' Christopher |. Williams, Airlie |. McCoy,
Billy K. Poon, "= Pavel V. Afonine, "' Robert D. Oeffner, ' |ane 5. Richardson, ' Randy |. Read,
Paul D. Adams

Aais hitmedidai aea/ IO TIALAYY 1131 SIT74AC

Accuracy of docked ligand poses

80% 1 Hokx

70% - k%

60% -

50% A

40%

30% -

20% -

Fraction of ligands whose pose is predicted correctly

=
[=}
#

=
=

Docked to structure Docked to Docked to
determined experimentally AlphaFold 2 model traditional model
with different ligand bound

How accurately can one predict drug binding modes using AlphaFold
models!?

Masha Karelina, Joseph |. Noh, &' Ron O. Dror
doi: https://doi.org/10.1101/2023.05.18.541346

This article is a preprint and has not been certified by peer review [what dees this mean?].



AlphaFold2 predicts holo protein in

70% => it can be used for drug
designing

pLDDT values in a single 3D model
could be used to infer local
conformational changes linked to
ligand binding transitions.

locally AlphaFold2 can be there -
but it needs validation

(as always)

Good to combine with MD to
optimize side-chain conformations

0 Apo form

Holo form

B AF2 model

Impact of protein conformational diversity on AlphaFold predictions

Tadeo Saldario, 5 Nahuel Escobedao, Julia Marchetti, ©2 Diego Javier Zea, Juan Mac Donagh,
Ana JuliaVelez Rueda, Eduardo Gonik, Agustina Garcia Melani, Julieta Novomisky Nechcoff, Martin M. Salas,
Tomas Peters, Micolds Demitroff, Sebastian Fernandez Alberti, Micolas Palopoli, Maria Silvina Fornasari,
Gustavo Parisi

dais httoefdon ara/ 1O 100201 1027 466 | B9



‘-"‘. Cold Y ®
0 ., Spring
Q  Harbor
Q g
Q g Laboratory
e,

THE PREPRINT SERVER FOR BIOLOGY

AlphaFold2 structures template I.igand discovery

490M

Molecules
Retrospective docking screens L e o
against the o, and the 5-HT2A " ‘
receptors, the AF2 structures
struggled
Prospective docking against the
AF2 models => similar hit rates
for both receptors versus

119 tested

o - o I I . Compound Compound
docking against experimentally- . o= . )
— >500M ¢ % A~
derived Stru CtU Fes 100% ; , ,S’ vier 4111 e £
80% 1 Voo Pe i } - \\ ZINCBBE533340
4
Jiankun Lyu, Nicholas Kapolka, Ryan Gumpper, Assaf Alon, %1 J 4 “~ 200
Liang VWang, Manish K. Jain, Ximena Barros-Alvarez, 40% | W~ b b R
Kensuke Salamoto, Yoojoong Kim, Jeffrey DiBerto, Kuglae Kim, 20%{ . 4 e z )
Tia A Tummino, Sijie Huang, John |. Irwin, Olga O.Tarkhanova, ox L8 2 _ N '1.} \ Q77 © 10004
Yuril Moroz, Georgios Skaniotis, Andrew C. Kruse, o‘*. o". L]; 029“7 y o
Brian K. Shoichet, Bryan L. Roth ;p" & - > \ P TR T

.
doi: https://doi.org/10.1101/2023.12.20.572662 s T R



# EMBL-EBI %% Research & Traini ng © Aboutus EMBL-EBI

AlphaFold Protein Structure Home About FAQs Downloads

AlphaFold

Protein Structure Database

Developed by DeepMind and EMBL-EBI

Examples:  Free fatty acid receptor 2 At1g58602 Q5VSL9 E.coli Help: AlphaFold DB search help

AlphaFold DB provides open access to protein structure
predictions for the human proteome and 20 other key
organisms to accelerate scientific research.

"This will be one of the most important datasets since the mapping of the Human Genome."
Professor Ewan Birney
EMBL Deputy Director General and EMBL-EBI Director

https://www.alphafold.ebi.ac.uk/ .



https://www.alphafold.ebi.ac.uk/

Complete structures of 48 model organism proteomes

AlphaFold DB currently provides predicted structures for the 48 organisms (including human),

as well as the majority of Swiss-Prot. >200 M structures

Compressed prediction files for model organism proteomes:

Species Common Name Reference Proteome

Predicted Structures

Arabidopsis thaliana Arabidopsis UP000006548 & 27,434

Caenorhabditis elegans Nematode worm UP0O00001940 19,694

Candida albicans C. albicans UP00Q0000559 5,974

Danio rerio Zebrafish UP000000437 &= 24,664
Compressed prediction files for global health proteomes:

Species Common Name Reference Proteome Predicted Structures

Ajellomyces capsulatus Ajellomyces capsulatus UP000001631 =

Brugia malayi Brugia malayi UP000006672

Campylobacter jejuni C. jejuni UP000000799 =

Cladophialophora carrionii Cladophialophora carrionii UP000094526 &

Compressed prediction files for Swiss-Prot:

File type Predicted Structures
Swiss-Prot (CIF files) 542,380
Swiss-Prot (PDB files) 542,380

9,199
8,743
1,620

11,170

Download

Download (36,896 MB)

Download (26,935 MB)

Download

Download (3,678 MB)
Download (2,626 MB)
Download (974 MB)

Download (4,180 MB)

Download

Download (1,351 MB)
Download (1,274 MB)
Download (173 MB)

Download (1,716 MB)

elixir

CZECH
REPUBLIC

36


https://www.expasy.org/resources/uniprotkb-swiss-prot

Alphafold can be Alphafill-ed with ligands + cofactors
a‘

Home Structures CompoundsMAbout Download

P12931

Proto-oncogene tyrosine-protein kinase Src

Structure file https://alphafill.eu/v1/aff/P12931
Metadata https://alphafill.eu/v1/aff/P12931/json
Original AlphaFold model https://alphafold.ebi.ac.uk/entry/P12931

] ( T
¢ ' 35% identity | 40% identity 50% identity 60% identity 70% identity

Compound PDB-ID Global RMSd Asym LocalRMSd & Show

N aop 6f3fA  1.54 B 0.45
“ | AGS->ATP 3dgw.A 6.78 21 1.38 ?
AMP 3dgx.A  6.02 2 H 0.57
MG 6f3f.A 1.54 & 0.10

https://alphafill.eu/

Hekkelman, M.L., de Vries, I., Joosten, R.P. et al. AlphaFill: enriching AlphaFold models with ligands and cofactors. Nat Methods 20,
205-213 (2023). https://doi.org/10.1038/s41592-022-01685-y 37
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Alphafold tells you where is it right!

SNW domain-containing protein 1

AlphaFold structure prediction

Download | PDB file

| mmCIF file

pLDDT — local confidence

| Predicted aligned error

Information

Protein

Gene

Source organism
UniProt

Experimental structures

Biological function

3D viewer @

Model Confidence:

W Very high (pLDDT > 90)

PAE — global confidence

SNW domain-containing protein 1 pTM - p re d i Cted te m p I ate m Od e I

SNW1

oo e £ 0 search ipTM — interface predicted TM

Q13573 goto UniProt of
17 structures in PDB for Q13573 goto PDBe-KB &

(Microbial infection) Proposed to be involved in transcriptional activation by EBY EBNA2 of CBF-1/RBPJ-repressed promoters. go to UniProt of

Confident (90 > pLDDT > 70)

Low (70 > pLDDT > 50)

1 Very low (pLDDT < 50)

AlphaFold produces a per-residue confidence

score (pLDDT) between 0 and 100. Some

regions below 50 pLDDT may be unstructured

in isolation.

Sequence of  AF-Q13573-.. ¢  1:SNWdo.. * A 3 @

MSHALATQVDSEGKIKYDATRARQG

RREPPPYGYRKGWI PRLLEDFGDGG

MALTSFLEAPTQLSQDQLEAEE 0TS AQYFLOMGR

AIKET PVRAADKLAPAQY IRYTES QRVI

OR

DEMEFFRFEINKKIFR

100

S 200
S
w
'
-
gésoo
Z

3

500

0 100 200 300 400 500

Scored residue

I 2 I
¢ 5§ 20 1318 20 258 30

Expected position error (Angstrbms)
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How good are the predictions of human proteins?

Homo Sapiens

Confidence (pLDDT)
E>90 E>70 m>50 <50

Amino-acid residues
a Resolved

b Unresolved

€ All human

I pLODT

0 oox o quality metrics
pLDDT - per-residue estimate of its confidence on a scale from 0 - 100 ® measure Of d ISO rd er

model’s predicted score on the IDDT-Ca metric (local superposition-free score for comparing protein structures and
models using distance difference tests).

Tunyasuvunakool, K., Adler, J., Wu, Z. et al. Highly accurate protein structure prediction for the human proteome.
Nature 596, 590-596 (2021). https://doi.org/10.1038/s41586-021-03828-1
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Unstructured part of proteins

DISORDER



Time Scale of Protein Movement

Bond Isomer- Water Helix Fastest typical slow
vibration ation dynamics forms folders folders folders

10s 1072 10 105 103 100

femto pico nano micro milli seconds
| | | | |
| 1 | | |
time 1ps 1ns 1us Ims 1s
molecular fumbling diffusion
° g -

internal motion

-

chemical reactions / exchange

e 16 order of magnitude range
- Femtosecond timesteps
- Need to simulate micro to milliseconds

http://pande.stanford.edu



Disorder

Invisible — no structure
- temperature B-factor v Xray, NMR ensemble, DISOPRED predictions
Quite conserved arrangement within a protein family
Intristically Disordered Proteins - IDP
— Function
* molecular recognition (promiskuitni)
* molecular assembly (viral capsids)
 protein modification
e entropic chain activities



DisProt

" Browse Search About Help. Statistics Feedback

Disprot - Database of
disorder In proteins DPOOORS - Cellular tumor antigen p53

Organism Human

Taxonemy Eukaryota > Metazoa > Chordata > Craniata > > > > Eutheria > > Primates > >
Catarrhini > Hominidae > Homo

Functional Annotation

 Amino acid composition of DisProt e .
disordered regions.

 sorted by the Kyte-Doolittle I

Disorder Overview

hydrophobicity scale. = ., —

a0 OB ' SIS S G O CENS SN S S S |
Mo prac
Plam e
- - 50 100 150 200 250 300 350
e enricnment IS calculated an S O o
@ PDB Disorder @ PDB Structure O PDB Ambiguous
@ Predicted Disorder © Predicted Structure
- . . .
Disorder Region Details
n O rI I l a I 2 e Ove r e r a a ase Color by [ ES Type of molecuiar transitons Hide ambiguous evidences
‘Sequance
- - -_—
n s -
L] s _—
— a2 -
e —
94202
) a1z -
w2187 -
912 =
= 10.01 03 m—
- T
S % %o % 200 % st o
3 7.5+ @ Primary detection method @ Secondary detection method @ NA
= s -
(7] 50 — Region Evidences
g_ Showing 11/11 regions  ESINETEEFETES
S__) 2.51 1 Region posiion| 320 - 393 Detection methiod X-Ray Crystallography ' Curstor: Marco Necel
‘ L Begion Sequience 320 KKPLOGEYFTLO RPEMFRELNEALELKDAQAGKE PGGSRAHSSHLKSKKGQSTSRHKKLMEKTEGEDSD
SR F EMAGTSWY PHERNG DK R
RIRGHR UGG i rogusorlments (ibtory o)
1.0 [ Molectilar Transition|  Disorder to order transition
[MOIRCHAFPAFAGE]  Protein-proteln binding
b — Kannan S, Lane DP, Verma CS Long range recognition and selection In IDPs: the Interactions of the C-terminus of p53. Sci Rep,
o 0.5 PubMed vol. &, pp. 23750, 2016. (B
[<5]
E Reglon position 1 - 93 Detection method ' Small-Angle X-Ray Scattering (Saxs) | Curator: Marco Neccl
| | Region Sequence
= ‘ I_H ‘ 2 1 KLLPENNVLSPLPSQAMDDLMLS PDDIEQWETEDPGPDEAPRMPEAAFPEVAPAPAAR
= e 81
=
(NN}
[ Molecular Function | Activator
Molecular Transition  Disordered state

i vV .L FCMAGTSWYPHETNA QD K R

*  Nucleic Acids Res, Volume 50, Issue D1, 7 January 2022, Pages D480-D487, https://doi.org/10.1093/nar/gkab1082 @ 9.3(5.5.9552
* Nucleic Acids Res, Volume 45, Issue D1, January 2017, Pages D219-D227, https://doi.org/10.1093/nar/gkw1056



https://doi.org/10.1093/nar/gkab1082
https://doi.org/10.1093/nar/gkw1056

Aggregated views of proteins and ligands
https://www.ebi.ac.uk/pdbe/pdbe-kb

PDBe-KB

Protein Data Bank in Europe hknowledge Base



https://www.ebi.ac.uk/pdbe/pdbe-kb

PDBe-KB
Protein Data Bank in Europe Knowledge Base

e Agdgdregated views of proteins

E 3 o =

Structures Small-molecules Macromolecular Functional
Interactions Annotations

e API
— https://www.ebi.ac.uk/pdbe/graph-api/pdbe doc/

* Component library
— https://github.com/PDBe-KB?g=component



https://www.ebi.ac.uk/pdbe/graph-api/pdbe_doc/
https://github.com/PDBe-KB?q=component

Mediator of DNA damage checkpoint protein 1

Representative structures for UniProt Q14676
PDE chains with highest data quality, coverage and best resolution @

PDBe-KB

Gene: MDC1
' . (4] - -
Ordanism: Homo sapiens (Human) Protein Data Bank in Eurupe HHQWIEHQE Base
®
Synonyms: KIAAQL170, NFBEDL
Uniprot: Q14676 go to UniProt &
Biological function: Histone reader protein required for ‘ ) o
checkpoint-mediated cell cycle arrest in P rOtV I Sta
response to DNA damage within both the S
phase and G2/M phases of the cell cycle
I zﬁn 4I‘JD M!I'l 860 1.DIDD 1.1"1!] 1.4'00 LEIDD 1.BIDD DIDD I
(PubMed:12475977 &, PubMed:12499369 (c N+ N=1 089
&, PubMed:12551934 =, 0 1000 o0 e
PubMed:12607003 &, PubMed:12607004 9 -
&, PubMed:12607005 =, |- | L — 3 —
PubMed:12611903 q, PubMed:14695167 PDE chain shown: 3unn B go to PDBe & s s x
=, = [show more] go to UniProt & UniProt residues 1 - 8 o o .
Coverage: unavailable © 3umn . g ==
| i
Click on the icons below to view the relevant page: I -
[ DT
._\ ¢ Domains —1 -_
L3
: o> =
¢ [ 19
 SUSS HoDEL USTe 2213430, =
10 2 4 345 SWISS-MODEL (014576, 1891:2035:221 %
Structures Ligands Interactions Annotations Publications ©xing —
© AphaFod 06 (AF-014676 £ 1) |
I I I © ABNFII (Q14676) N —————————————
Download Download Download Other : Bl Observed Unobserved mml Conflict
Secondary structure variation : "8 Helix ~m8 Loop Strand
3D vi of Flexibility predictions : Il MobiDE ml \WEBnma BBl DynaMine

s Early folding residue predictions : B EFoldMine

structures

Domains : W@ CATH domains Wl InterPro annotations



HEM cotctonice prglke  Reactant:like

PDBe-KB Ligand
PROTOPORPHYRIN IX CONTAINING FE e = I-Igan s

Protein Data Bank in Europe - Knowledge Base

View 3D Download as W
Descri pthl‘I Overall view, and highlighted
scaffolds and fragmenis @

Synonyms HEME, Heme, HEME B, PROTOHEME, HEME IRON, PROTOHEME IX

Formula C34H32FeN40O4 (B

TUPAC InChI InChI=15/C34H34N404.Fe/c1-7-21-17(3)25-13-26-19(5)23(9-11- B
33(39)40)31(37-26)16-32-24(10-12-34(41)42) 20(6)28(38-32)15-
30-...

Show more »

IUPAC InChIKey KABFMIBPWCXCRK-RGGAHWMASA-L (= < [2
SMILES Cclc2n3c(c1CCC(=0)0)C=CAC(=C(C5=[N]4[Fe]36[N]7=C(C=CBN6C |H
(=C5...

Show more »

Source OpenEye [4

First observed in 3ia3 (N

Porphin-like fragment highlighted in yellow
https://www.ebi.ac.uk/pdbe-srv/pdbechem/chemicalCompound/show/HEM SMILES EINCHIKey



https://www.ebi.ac.uk/pdbe-srv/pdbechem/chemicalCompound/show/HEM

Interaction statistics

Interaction statistics shows the summary of agdregated protein-ligand interaction data of HEM from 14370 ligand instances in 1049 PDB structures and
7011 PDE chains. The protein-ligand interactions are computed using PDEe Arpegdio

Download all interactions & Documentation

i} s 10 15 20 75 20 45 o Atom-wise interactions of HEM
1 43 molecule(®)
20 &0
Ligand atoms Please zoom using the vertical tracks l{until 25 or fewer atoms) to show ligand atom names

Sort by: W F MEAEEENE s

@ Amino acid properties ®H

O Interactions @R
Filter by: Ligand atom: O1A
Amino acid: SER .
0 Amide-Ring Pairwise interactions: 28.13%

interactions

Carbon-pi
interactions

Cation-pi
interactions

]

]
Hydrogen bond

|:| donor-pi
interactions
Methionineg

[ ] sulphur-pi

interactions

01A: 1.84%

View atom names

— Aromatic

Ligand interactions (3 Icons:

@ Positively charged @ Megatively charged
0% [#] Polar Hydrophobic
Amino acid interactions @ @ Aromatic e Aromatic (Trp)

Ja Glycine 4 Cysteine

0% 28.13% .Qf- Proline




Take home message
Each method has its advantages and disadvantages
X-ray
— crystal (contacts), inner electrons — electron map

— R <2.5A is ok for drug design; worse resolution -> electron envelope
— size is not restricted, phase problem, static

NMR - size restriction, dynamical information possible — verification of models
EM - electron envelopes (maps) > usually worse atomic resolution inside

— good for protein complexes

MS + FRET - distances only, need model

AlphaFold
— Easy to run, caution on the quality, drug design itself complicated
— Visualize disorder

PDBe-KB — aggregated view on protein and ligands
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UNUSED SLIDES



STRUCTURE ANALYSIS



Secondary structure

Helices and B-strands = Secondary Structure Elements

(SSEs) m o N

Solvent
channel

54



OverProt Server — Interactive view

e 1D of the family linked to 2D and 3D of a domain

Family: 1.10.630.10 Cytochrome P450
Domain: 1jfbA0OO

+ - Color v Shape v Beta-connectivity v~ Occurrence threshold: 25% v -

Type: Helix
Occurrence:  100%
Min. length: 10 residues

[

Avg. length:  23.95 residues (]

Max. length: 34 residues
3D variability: 7.99 A @
ra
N e
=
7 p ==
¥ n
. - BT
-
‘1
s - [
)

Midlik A, Hutarova Varekova I, Hutar J, Chareshneu A, Berka K, Svobodova R: OverProt: secondary structure 55
consensus for protein families, Bioinformatics, 38(14), July 2022, 3648—-3650



Binding Site prediet-ion: P2Rank - PrankWeb

Pred|ct|on of ligand
; bmdmg sites with P2Rank !

' Protein structure

o 4 PDB ID
,"L UanrotID

Each point represents 1ts local chemlcal ﬁelghborhood —
- predicted ligandability score (0 = green to 1 = red)
- clustered to form predicted binding sites

- https://prankweb.cz/ L QXFEQRD
- https://github.com/cusbg/p2rank-framework

Nucleic Acids Res, Volume 50, Issue W1, 5 July 2022, Pages W593-W597, https://doi.org/10.1093/nar/gkac389



https://doi.org/10.1093/nar/gkac389
https://prankweb.cz/
https://github.com/cusbg/p2rank-framework

Porous Pathways in
Proteins

e Channels/Tunnels * Pores

« Connect active site with exterior * Running through the structure

e Pathways have important function of gate-keeping

- Paloncyova M, Navratilova V, Berka K, Laio A, Otyepka M: Role of Enzyme Flexibility in Ligand Access and Egress to Active Site — Bias-
Exchange Metadynamics Study of 1,3,7-Trimethyluric Acid in Cytochrome P450 3A4 J. Chem. Theory Comput., 12(4), 2101-2109, 2016.

- Pravda L, Berka K, Svobodova Varekova R, Sehnal D, Bands P, Laskowski RA, Koca J, Otyepka M: Anatomy of enzyme channels. BMC Bioinf,,
15(1), 379, 2014.



MY OLEonline

https://mole.upol.cz

NSVIL,
\;5
,p
&
/VENS\S

JANA

* Detection and analysis of channels, tunnels and pores

Home |ChannelsDB

|PDBe
E S

LiteMol viewer

SRR Current selection
e List of Channels
- Paths (1) [ 2] Noe |
¥ Path (P1C0) [, Length 50 A . . .
Interactive origins
Surface, Cavities
Membrane position
— . Sequence
S e g e H { Submissions details
——— iD | o T | Mode switch
T T L Parameters
I & Hydropa 4.12 Probe Radius [ ] 13
i et mCOD'Wf e e < Polarity 013 Interior Treshold @ 08
| pre 0 ommomeme: -
Channel Channel Layer Submissions
profile properties properties Submit and ChannelsDB data

Pravda L, et al Nucl. Acids Res, 2018, doi:10.1093/nar/gky309


https://mole.upol.cz/

Application:
Drugs with Cytochromes P450

* Drugs — mostly aromates

* Deeper in the membrane
* Higher lipids afinity
* Metabolites

* Easier membrane escape

caffeine m mo

AGva'=5.7 kcal/mol AGPe"=4.1 kcal/mol AGY2!'=5.7 kcal/mol
20 <

paraxanthine

AGYat= 49k§:?|/m A
L vedE
e Drugs Q “

Ga

PIRAG2'=4.9 kcal/mol
%9 N

5
Es 8
— Access tunnel 3 o caffeine 1.
. 54 = paraxanthine . 4
e Metabolites e bt .
8 o -— o 2 “ 2 < 2 & 8 —- o
- Eggress tunnel o 4 3 2 Distance}rom the mid?ile of the bila1yer (nm) 2 3 4

Paloncyova M, Berka K, Otyepka M: J. Phys. Chem. B 2013, 117, 2403-10.
Berka K, Paloncyova M, Anzenbacher P, Otyepka* M: J. Phys. Chem. B, 2013, 117(39), 11556-11564.
Berka K, Hendrychova T, Anzenbacher P, Otyepka M: J. Phys. Chem. A 2011, 115, 11248-11255.

Free energy (kcal/mol)



X-RAY



Why X-Ray?

Elmag radiation interacts with objects of similar size with their
wavelength (A)

- visible light: A = 350-700 nm and this is limit of optical
microscopy

- RTG: CuKa: A = 1,54 A.
Synchrotron:A=0,5A—-2,5A.

atom-atom distances: C-C=1,54 A,
C=C=1,23 A
1 A (Angstréom) = 0.1 nm C-N=1,45A

1A=101m N-(H).....0=2,8 A



X-ray crystallography

crystallisation phase problem
protein protein ?H;:thion map of
expression purification L Clectron
oS i S density structure

_ elucidation

62



X-ray crystallography

4 A
. M
g~ - !

"_ |

- o4 ] Ty
P "J _j 3 i ;:‘ N X
pd . !

o

" 2. diffraction experiment =+ W@ 3. map of electron density g4
o ‘ 4. model| fit
“ - ‘”‘_.'/ o=
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Diffraction Principle

Bragg’s law
n.A=2d.sinB

(W. H. Bragg & W. L. Bragg, 1912)

Diffracted radiation - sets of planes,
parallel planes get boost in signal

64



Calculation of Electron Density Map

Goal: use amplitudes and of thousands of

diffractions F,, to calculate electron density map

p(XIyIZ) p(X,v,2) =1lv {
_ ......... s e -27mi(0x+0y+1z-0

e -2mi(0x+0y+2z-0

et

@ -2mi(0x+0y+3z-0
e -2mi(0x+0y+4z-¢

e -2mi(0x+0y+52z-1

p(XIYIZ)=1IVZZE e -2ni(hx+ky+lz-¢, )
h k|

) +

) +

) +

) +

)+, ..



; -
* 2728
eZ =
4.2
T X-RAY BEAM & £ ===
= NS

b* \\\\Q\ p
CRYSTAL S0

S ~ i
Sl it

N LS
» N ~
RECIPROCAL >

LATTICE

Phase Problem

CRYSTALTO FILM DISTANCE

* Amplitudes and phases F,,, are
encoded in diffracted ray
beams

* Amplitude [F, | is square

root of intensity of diffracted
beam.

* O, is phase of diffracted

wave. |t cannot be directly
measured — Phase problem.
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John C. Kendrew

Phase Problem

Fl) q)l "

Max Perutz

FZ' cDZ
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Maps are the real data - X-ray crystallography density maps
Y % N - 3.7A

2.4A
1.5A
“— 0.8A

Electron r)

density
maps

PDBe.org EMBL-EBI
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